ABSTRACT 2,2'-Azobis (2-methylpropionamidine) dihydrochloride-montmorillonite (AIBA-MMT) hybrid was prepared by cationic exchange between the Na + ion in the MMT galleries and the quaternary ammonium of the azoinitiator. Then the methacrylic acid-ethanolamine modified maleic anhydride copolymer/montmorillonite [P(MAA-EMA)/MMT] nano-composite was prepared via in-situ polymerization method using above AIBA-MMT hybrid. The structures of AIBA-MMT hybrid and P(MAA-EMA)/MMT nano-composite were characterized with X-ray diffraction (XRD), thermogravimetric analysis (TGA) and transmission electron microscopy (TEM). The interlayer d-spacing of AIBA-MMT was 1.50 nm. The amount of the initiator intercalated into the clay galleries was 0.508g/gMMT. The P(MAA-EMA)/MMT nano-composite was categorized as exfoliated and intercalated one. The application results of P(MAA-EMA)/MMT nano-composite for leather tanning indicated that nano-composite can improve the wet-heat resistance temperature of collagen and facilitate the absorption of chromate.
INTRODUCTION
The tanning process converts the protein of the raw hide or skin into a stable material, which will not putrefy and is suitable for a wide variety of purposes. There is a vast array of tanning materials, in which the chromate is the most common material. But chrome is limited and nonrenewable resource, as well as, can pollute the environment. Hence, seeking a replacement for chrome is considered to be the most important in leather industry.
Recently, there has been a growing interest in the development of polymer-clay nano-composites [1~4] . Nano-composites constitute a new class of material that involves nano-scale dispersion in a matrix. Nano-composites have at least one ultrafine phase dimension, typically in the range of 1-100 nm. Strong interfacial interactions between the dispersed clay layers and the polymer matrix lead to enhanced mechanical, thermal and barrier properties of the virgin polymer even with the addition of very small amounts of clay [5~8] . The enhancements of the properties are maximized when the clay platelets are exfoliated and randomly dispersed in the polymer matrix.
For the preparation of the exfoliated polymer/clay nano-composites, the in situ polymerization method Letter has proved to be the best approach [9] . In the in situ polymerization method, the highly hydrophilic layered silicates are usually treated with an alkylammonium surfactant in order to modify them to be hydrophobic, then layered silicates are swollen by a liquid monomer (or monomer solution), monomers that diffuse into the clay interlayer spaces take place polymerization [9] . Alternatively, the layered silicates are treated with cationic monomers or initiators to obtain monomer-clay and initiator-clay hybrids [10] , respectively. The exfoliated nano-composites could be more easily prepared when the clay hybrids were used for the in situ polymerization, due to more efficient intra-gallery polymerization.
Austin Samakande et al.[11] used initiator VA060 to modify sodium montmorillonite clay(Na-MMT). The obtained organically modified clay was then used as a macro-initiator in the preparation of polystyrene/clay nano-composites by in situ free radical polymerization of styrene in bulk. Periyayya Uthirakumar et al.[12] employed a intercalated cationic radical initiator-MMT hybrid to prepare high-impact polystyrene (HIPS)/montmorillonite (MMT) nano-composites. The silicate layers were efficiently exfoliated in the PS matrix during a solution polymerization. The nano-composites exhibited significant improvement in thermal and mechanical properties. Yan Bao, Jianzhong Ma, Tao E However, the nano-composites in these researches are all prepared in bulk or solvent solution. There is a few research about the nano-composite prepared in water solution.
Recently, we synthesized acrylic resin/MMT (AR/ MMT) nano-composites for leather tanning agent by in-situ polymerization using Na + -MMT and polymer solution intercalative in water. As the result, the significant enhancements of thermal and mechanical properties were achieved for protein collagen after tanning by nano-composites [13] [14] . In this research, we attempted to prepare nano-composite using radical initiator-MMT hybrid in water, as an extension of the previous work.
EXPERIMENTAL

Materials
Montmorillonite (Na + -MMT) was provided by Qinghe Chemical Factory, Zhangjiakou. Methacrylic acid (MAA), isopropyl alcohol and ammonium persulfate (APS) were all purchased from Tian-jin Chemical Reagent Factory. Maleic anhydride modified by ethanolamine (EMA) was as described previously [15] . 2, 2'-Azobis (2-methylpropionamidine)dihydrochloride (AIBA) was supplied by Bai-lingwei chemical limited company.
Preparation of AIBA-MMT hybrid
The AIBA-MMT hybrid was prepared by cationic exchange between the Na + ion in the MMT galleries and the quaternary ammonium of the azo-initiator. A mount of Na + -MMT was suspended in 100mL deionized water for 24h. Then AIBA was added into the suspension. The mixture was stirred for certain hours at room temperature in order to completely carry out cationic exchange. The white precipitate was obtained via centrifuge and re-dispersed in water. This procedure was repeated until the chloride ions removed. The resulting solid was dried under vacuum at low temperature. The dried initiator/ MMT hybrid was named as AIBA-MMT hybrid.
Preparation of P(MAA-EMA)/MMT nanocomposite
A certain amount of AIBA-MMT hybrid was dissolved in deionized water and charged into a 250-mL 3-necked round bottom flask equipped with a reflux condenser, a thermometer and a magnetic stirring bar. The mixture of MAA, EMA, isopropyl alcohol and water added dropwith and finished within 30 min at 60 o C. Then the reaction was kept at 80 o C for 2.5h.
Characterization of AIBA-MMT hybrid and P(MAA-EMA)/MMT nano-composite
The X-ray diffraction (XRD) patterns of AIBA-MMT hybrid and P(MAA-EMA)/MMT nano-composite were obtained from a Japan Science 2200PC X-ray Diffractometer. The diffractograms were measured at 2θ, in the range 2 Ο -10 Ο , using a Cu-Kα incident beam (λ=0.1543nm), monochromated by a nickel filter. The scanning speed was 1 Ο /min, and the voltage and current of the X-ray tubes were 40KV and 20mA, respectively. The thermogravimetric analysis (TGA) of AIBA-MMT hybrid was performed on a TG/DTA6300, at a heating rate of 10 Ο C/min, under a nitrogen atmosphere. The morphology of P(MAA-EMA)/MMT nano-composite was observed by H-600 Transmission electron microscopy (TEM).
Application of P(MAA-EMA)/MMT nanocomposite
The leather samples were put into 8% sodium chloride solution which was two times the weight of the leather samples. The pH value of the solution was adjusted to 5.5 using sodium bicarbonate. 6% P(MAA-EMA)/MMT nano-composite was added into the solution and shaken for 6 hours. Then, the pH value of the solution was adjusted to 3.5 using formic acid. The weights of using materials were all calculated based on leather weight. . This is because the azoinitiator molecules were intercalated and anchored in the clay galleries by cationic exchange between the Na + ion in the MMT galleries and the quaternary ammonium of the azo-initiator (the chemical structure of AIBA is seen in Fig.2) . It is reported that the interlayer d-spacing of layered silicates is dependent on the chain length and the diameter of the intercalated initiator molecules in the literature [16] . The molecule of AIBA is small, which chain length and chain diameter are 0.80 nm and 0.49 nm, respectively. So the interlayer d-spacing of AIBA-MMT is only 1.50 nm.
RESULTS AND DISCUSSION
The TGA thermograms of the Na + -MMT and AIBA-MMT hybrid are shown in Fig.3 . The total weight loss of Na + -MMT was just 12.04% at up to 800 Ο C, which was due to the different types of water molecules present in the Na + -MMT. This indicates Na + -MMT has a very high thermal stability. However, the TGA curve of the AIBA-MMT hybrid showed two distinctive degradation stages. The first major decomposition was starting at 165 Ο C, corresponding to the degradation of the azo group in the organic initiator and leading to the evolution of N 2 gas. The second degradation, at around 300 Ο C, was due to the decomposition of the rest of the organic initiator molecules. In addition to, the degradation above 450 Ο C was due to the decomposition of the different types of water molecules in the MMT. This strongly confirms the initiator AIBA was intercalated into the The amount of the initiator intercalated into the clay gallery was calculated using the TGA data, and is 0.508g/gMMT. The theoretical amount is 0.326g/gMMT, which was calculated based on the CEC value of the Na + -MMT. The amount of the intercalated initiator was greater than that obtained theoretically. This data may have resulted from the excessive amount of initiator used, and remaining unattached initiator. Fig.4 shows the XRD patterns of P(MAA-EMA)/ MMT nano-composite and AIBA-MMT hybrid. As seen, the nano-composite did not show any noticeable XRD peak at the 2θ values from 2 Ο to 10 Ο . This is because the nano-composite was prepared via insitu polymerization method. Monomers can freely enter into the clay galleries where the anchored radical initiators were placed. Upon heating the anchored radical initiators facilitated the intercalative polymerization of monomers, leading to pushing apart of the clay individuals far away from each other, finally well dispersion of clay platelets in the polymer matrix. Ultimately, there will not be any attractive interaction between the silicate platelets due to well separation. This result indicates that the clay platelets may be exfoliated and dispersed in the P(MAA-EMA) matrix.
Structure of P(MAA-EMA)/MMT nano-composite
In order to confirm the morphology of nano-composite, TEM measurement was carried out (see Fig.  5 ). The dark slices stand for the MMT layer. The polymer matrix appears as a light region. There were some silicate aggregates and intercalated platelets, along with fewer exfoliated nano-platelets. Therefore, the nano-composite is coexistence of exfoli- 
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Properties of P(MAA-EMA)/MMT nano-composite
The wet-heat resistance temperature refers to the shrinkage temperature of leather in a certain heating medium. It reflects the stability of leather in wet and heat conditions. When the wet-heat resistance temperature is high, the leather in wet and heat conditions is more stable. The thickness increment ratio demonstrates the extent of the thickness change of leather before and after chemical treatment. The thickness corresponds with the fullness of the leather. Generally, the greater the thickness increment ratio, the fuller the leather is. The tensile strength is the load on cross section of the sample under longitudinal stretch. The tensile strength of leather samples varies with the compactness of collagen fibre weave, the angle of weave, the separation and the lubrication and the firmness of collagen fibres. The tearing strength is the largest load of the sample bearing when the crack again tears under unit condition. The tearing strength of leather samples varies with the compactness and the uniformity of collagen fibre weave. Table 1 demonstrates the wet-heat resistance temperature, thickness increment ratio, tensile strength and tearing strength of the leather tanned with nanocomposite associated with chromate increase in contrast to those of the leather tanned with 2% chromate. The chrome content of waste liquor in which collagen was treated with nano-composite and chromate decrease greatly, compared with the chrome content of waste liquor in which collagen was treated with 2% chromate. This is due to the formation of multi-hydrogen bonds and electronic bonds between carboxyl groups of nano-composite and active groups (such as amino group, hydroxyl group and amido group) of collagen fibres. The multi-hy- drogen bonds are formed between hydroxyl group of MMT and active groups of collagen. As well as, carboxyl groups of nano-composite are attached by coordinate bond to chrome complex. Therefore, the crosslinking network is built. On the other hand, MMT is inorganic rigid particle. It can improve the materials strength. Hence, the above experimental results are observed.
CONCLUSIONS
AIBA-MMT hybrid was prepared by cationic exchange between the Na + ion in the MMT galleries and the quaternary ammonium of the azo-initiators. The interlayer d-spacing of AIBA-MMT was 1.50 nm. The amount of the initiator intercalated into the clay galleries was 0.508g/gMMT. The coexistence of exfoliated and intercalated P(MAA-EMA)/MMT nano-composite was successfully prepared via insitu polymerization method using AIBA-MMT hybrid. The nano-composite has tanning effect. It can improve the wet-heat resistance temperature of collagen and facilitate the absorption of chromate. 
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